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(57) ABSTRACT

A reception indicator circuit 1s provided for use 1n an
apparatus, wherein the apparatus enables a host system to
receive information packets from a medium. The reception
indicator circuit has a delay calculator, a byte count com-
parator and a signal asserter. The delay calculator selects and
reads a reference delay value m one of N number of
length-delay data storage elements. A reference length value
contained in the one of N number of length-delay data
storage elements corresponds to a length value of an mfor-
mation packet being received by the apparatus. The length
value of the information packet 1s determined based on data
in the information packet. The byte count comparator detects
when the reference delay value number of bytes in the
information packet have been received by the apparatus. The
signal asserter asserts a reception 1ndication signal when the
byte count comparator detects that the reference delay value
number of bytes 1n the information packet have been
received by the apparatus. Alternatively, the reception indi-
cator circuit may include a delay calculator that either
calculates or selects an interrupt time. In such an alternate
reception indicator circuit, the byte count comparator may
be replaced by a delay comparator that determines when the
interrupt time has elapsed. After the interrupt time has
clapsed, the signal asserter asserts the reception indication
signal. The apparatus may be a network peripheral, and the
medium may be a communications network.

15 Claims, 21 Drawing Sheets
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INFORMATION PACKET RECEPTION
INDICATOR FOR REDUCING THE
UTILIZATION OF A HOST SYSTEM

PROCESSOR UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to providing an interrupt
signal to a host system processor unit to indicate that an
information packet being received from a communications
network requires processing.

2. Description of the Related Art

A great deal of mmformation is transferred over commu-
nications networks. Typically, host computing systems, such
as personal computers, operate as nodes on a communica-
fions network. Each node 1s capable of receiving informa-
fion from the network and transmitting information onto the
network.

Information 1s transferred over a communications net-
work 1n information packets. The organization of informa-
fion 1n an 1information packet, as well as the procedures for
forming and combining information packets, are dictated by
a network operating system protocol. There are many dif-
ferent protocols 1n existence. In fact, information frames that
correspond to different protocols can coexist on the same
communications network.

In order for a node to receive and transmit mmformation
packets, 1t 1s equipped with a network peripheral. The
network peripheral 1s responsible for transferring informa-
fion packets between the communications network and the
host system.

A processor unit 1n the host system assists 1n the trans-
mission of an information packet by constructing the infor-
mation packet and passing it to the network peripheral. The
processor unit assists 1n the reception of an information
packet by retrieving the mmformation packet from the net-
work peripheral and processing it 1n accordance with a
network operating system protocol.

The processor unit performs many of its transmaission and
reception functions i1n response to instructions from an
interrupt service routine for the network peripheral. When a
received 1nformation packet requires processing, an inter-
rupt may be 1ssued to the host system by the network
peripheral. The mnterrupt has traditionally been 1ssued after
cither all of the bytes in an information packet or a fixed
number of bytes 1n an information packet have been
received by the network peripheral.

In response to a packet reception interrupt, the processor
unit enters the interrupt service routine and executes the
necessary instructions for assisting in the packet reception
process. Upon responding to the mterrupt, the processor unit
ceases the operations that it 1s presently performing and
saves the entire status of the host system.

The time period from the network peripheral asserting an
interrupt to the processor unit beginning to execute the
interrupt service routine 1s referred to as interrupt latency.
Interrupt latency can be a considerable amount of time,
approximately 30 us—45 us in a personal computer.
Accordingly, 1t 1s beneficial for the processor unit to only
receive one 1nterrupt for the reception of an 1mcoming
information packet.

It 1s also beneficial to reduce the utilization of the pro-
cessor unit 1n executing the interrupt service routine. If the
processor unit receives an interrupt too early 1 a packet’s
reception, then the processor unit will process the received
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portion of the packet and sit 1dly while the rest of the packet
1s received by the network peripheral. Decreasing the time
that the processor unit has to wait 1dly in an interrupt service
routine allows the processor unit more time to perform other
useful tasks, such as executing instructions i1n application
programes.

Asserting an interrupt after an information packet has
been completely received by a network peripheral ensures
that only a single packet reception mnterrupt 1s 1ssued for a
received 1nformation packet. As a result, only a single
interrupt latency must be mcurred in the processing of the
incoming packet. Additionally, the entire information packet
1s ready to be processed when the host processor unit begins
executing the interrupt service routine. This provides for a
reduction 1n the utilization of the processor unit, since there
1s little, if any, 1dle time.

However, waiting until after an incoming information
packet has been completely received to assert a packet
reception interrupt causes the processing of the information
packet to be delayed. Such delay includes the interrupt
latency time and/or the time required for the processor unit
to execute the interrupt service routine. It 1s desirable to
avold such delay.

The overall performance of a host system as a node 1s
dependent on how rapidly information packets can be pro-
cessed once they are detected by the network peripheral. A
processor unit’s prompt processing of incoming information
packets enables a host system to quickly assemble and
transmit any information packets that are to be sent 1n
response to received information packets. Further, prompt
processing of incoming 1nformation packets decreases the
amount of memory that 1s required to be used for storing
received information packets that are waiting to be pro-
cessed.

In order to avoid delay in the processing of incoming
information packets, reception indicators in network periph-
erals have been developed to overlap the reception of an
incoming information packet with the interrupt latency.
These reception indicators do not wait until after the infor-
mation packet has been fully received to assert an interrupt.
These reception indicators 1ssue an interrupt at a predeter-
mined time before an incoming information packet has been
completely received by the network peripheral. In such
reception 1ndicators, the predetermined time 1s approxi-
mately equal to the host system’s interrupt latency.

As a result, the processor unit 1s able to begin executing
the interrupt service routine for the network peripheral at
approximately the same time that the information packet has
been fully received by the network peripheral.
Unfortunately, the processor unit may still have to execute
a significant portion of the interrupt service routine subse-
quent to the information packet’s reception having been

completed. Such reception indicators are described 1in U.S.
Pat. No. 5,412,782 (“’782 Patent”) and U.S. Pat. No. 5,307,

459 (“’459 Patent”).

The reception indicator disclosed in the 782 Patent
provides for an early receive interrupt to be generated by a
network peripheral after a predetermined number of bytes of
an 1mcoming nformation packet have been received. The
predetermined number of bytes 1s programmed 1nto an early
receive threshold register in the network peripheral by a host
system’s user. In response to the early receive interrupt, a
host processor unit begins executing an interrupt service
routine for the network peripheral.

The 1nterrupt service routine instructs the host processor
unit to determine 1f the network peripheral is still receiving,
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any porfion of the same incoming information packet. If the
information packet has not been fully received, the interrupt
service routine instructs the host processor unit to determine
the expected total number of bytes 1n the information packet
and program a new value 1nto the early receive threshold
register. The new value 1s equal to the expected size of the
incoming 1nformation packet minus the number of informa-
fion packet bytes that the network peripheral can receive
during the host system’s interrupt latency. After reprogram-
ming the early receive threshold register, the host processor
unit processes the received portion of the information packet
and then exits the interrupt service routine.

Once the network peripheral receives the number of
information packet bytes that has been newly programmed
into the early receive threshold register, the early receive
interrupt 1s generated again for the same 1nformation packet.
Once again, an interrupt latency delay 1s incurred by the host
system before the host processor unit begins executing the
interrupt service routine. Ideally, the entire packet has been
received by the network peripheral at the time the processor
unit begins executing the interrupt service routine for the
second time. This allows the processor unit to complete its
processing of the mmformation packet without any further
interrupts being needed.

In the reception indicator circuit of the 782 patent, the
host processor unit 1s not forced to be 1dly trapped in the
interrupt service routine, while the network peripheral com-
pletes a packet reception. In fact, the host processor 1s able
to leave the interrupt service routine until the immformation
packet has been fully received.

However, the host processor unit may have to respond to
two 1nterrupts for the processing of a single mnformation
packet. As stated above, the significant amount of time
wasted during an interrupt latency makes 1t undesirable to
have a host processor unit respond to more than one 1nterrupt
for a single mformation packet reception. The host proces-
sor’s time could be better spent performing other tasks in the
host system than responding to a second interrupt for the
same 1nformation packet reception.

The reception indicator disclosed i1n the 459 Patent
provides for a single mterrupt to be 1ssued for an incoming,
information packet reception. The interrupt 1s 1ssued at an
interrupt latency time prior to the end of the mmformation
packet’s reception. Accordingly, the interrupt latency 1s
overlapped with the reception of the incoming packet to
reduce the utilization of the host system’s processor unit.

However, the reception indicator 1n the 459 patent only
provides such an interrupt for information packets that
adhere to a fixed number of network operating system
protocols, which cannot be set by the host system’s user. If
an information packet conforms to the Institute of Electrical
and Electronic Engineers (“IEEE”) 802.3 network standard,
the reception indicator 1n the 459 Patent 1s able to provide
a reception interrupt as described above, regardless of the
packet’s protocol. If the information packet 1s not an IEEE
802.3 packet, the reception indicator 1n the "459 Patent does
not provide for overlapping the mterrupt latency time with
the reception of the incoming information packet, unless the
packet conforms to a single predetermined protocol type.

This 1s a notable limitation, since mnformation packets on
a single communications network may presently conform to
many different protocols. Further, new protocols may
become popular as time passes.

Accordingly, it 1s desirable for a network peripheral to
provide only a single mterrupt for an 1ncoming information
packet’s reception. Moreover, the interrupt should be pro-
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vided so that both interrupt latency and processing of the
incoming packet are overlapped with the incoming packet’s
reception. It 1s further desirable for the network peripheral to
be able to provide such an interrupt for information packets
that conform to a user specified network operating system
protocol. It 1s yet more desirable for the network peripheral
to be able to provide such an interrupt for a plurality of
programmable network operating system protocols. It 1s also
desirable for the network peripheral to provide such an
interrupt, so that a processor unit does not have to remain
idle during the execution of an interrupt service routine for
processing an 1mcoming information packet.

SUMMARY OF THE INVENTION

The present invention enables a reception related interrupt
to be 1ssued by a network peripheral at a time that reduces
the utilization of a host system’s processor unit and overlaps
the reception of an mmcoming information packet with the
host system’s interrupt latency. In embodiments of the
present 1invention, a network peripheral 1ssues a reception
related mterrupt early enough before the end of an incoming
packet to enable a processor unit to begin processing the
packet before the packet 1s fully received. The network
peripheral also provides the reception mterrupt, so that the
time the processor sits idle 1n an interrupt service routine 1s
reduced. In determining when to issue the reception
interrupt, the network peripheral determines a length value
for the incoming packet and employs the length value along
with other parameters to determine the time for issuing the
reception mterrupt. The length value may be determined by
the network peripheral based on information in the incoming
information packet. Furthermore, the network peripheral
may adjust the parameters based on the processing load of
the host system’s processor unit.

Embodiments of the present invention provide for a
network peripheral that 1s capable of 1ssuing a single inter-
rupt to a host processor to signal that an incoming 1nforma-
tion packet requires processing. Such an interrupt 1s 1ssued
so that interrupt latency of the host system and processing of
the incoming i1nformation packet are overlapped with the
reception of the incoming packet. Further, network periph-
crals 1n accordance with the present invention are able to
provide such an interrupt for information packets that con-
form to a plurality of user specified network operating
system protocols. As a result, it 1s significantly less likely
that the processor unit will remain 1dle during the execution
of an 1nterrupt service routine for processing the reception of
the 1ncoming information packet.

Embodiments of the present invention include a reception
indicator circuit for use 1n a network peripheral, wherein the
network peripheral enables a host system to receive infor-
mation packets from a communication network. The recep-
tion 1dicator has a delay calculator, a byte count comparator
and a signal asserter.

The delay calculator may select and read a reference delay
value 1n one of N number of length-delay data storage
clements. A reference length value contained 1n the one of N
number of length-delay data storage elements corresponds to
a length value of an information packet being received by
the network peripheral. In one embodiment of the present
invention, the length value may represent the actual length
of the mmformation packet.

The byte count comparator detects when the reference
delay value number of bytes 1n the information packet have
been received by the network peripheral. The signal asserter
asserts a reception signal when the byte count comparator
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detects that the reference delay value number of bytes 1n the
information packet have been received by the network
peripheral.

Alternatively, the delay calculator may calculate an inter-
rupt time, and the byte count comparator may be replaced
with a delay comparator. The delay comparator detects when
the interrupt time has elapsed from an instance at which the
network peripheral received a first byte of the information
packet. The signal asserter then asserts a reception signal
when the delay comparator detects that the interrupt time has
clapsed.

In order to determine the length value of the imnformation
packet, embodiments of the present mnvention may include a
length finder circuit. One embodiment of a length finder
circuit will be described in greater detail below with refer-
ence to FIG. 4. The length finder circuit retrieves a length-
type value of an information packet before the network
peripheral generates an interrupt to signal a reception of the
information packet. One example of a length-type value 1s
shown 1n FIG. 6. The length finder circuit then determines
whether the length-type value 1s a valid length. If 1t 1s a valid
length, the length-type value 1s written to a data storage
clement for the length value.

If the length-type value 1s not a valid length, the length
finder circuit determines whether any of M number of
length-type data storage elements contain a reference type
value that matches the length-type value. M 1s greater than
1 and each of the M number of length-type data storage
clements 1ncludes a reference type value field for storing a
reference type value and a length offset field for storing a
length offset value.

If one of the M number of length-type data storage
clements 1s determined to contain the reference type value
that matches the length-type value, a protocol length value
of the information packet 1s retrieved from the information
packet. Based on the protocol length value, the length value
for the information packet 1s determined and written to the
data storage element for the length value.

BRIEF DESCRIPTION OF THE DRAWINGS

Further details of the present invention are explained with
the help of the attached drawings 1n which:

FIG. 1 shows an information frame formatted according
to the IEEE 802.3 network standard.

FIG. 2 shows an information frame formatted according
to the DIX Ethernet network standard.

FIG. 3 shows an information frame formatted according
to the DIX Ethernet network standard that includes a pro-
tocol length field and a protocol data field.

FIG. 4. shows a network peripheral 1n accordance with
embodiments of the present 1nvention.

FIG. 5 shows an information frame that 1s being trans-
ferred on a communications network that 1s linked to the

network peripheral in FIG. 4.

FIG. 6 shows the information packet of FIG. § containing,
a Segment 1 and a Segment 2.

FIG. 7 shows a sequence of operations for the reception
indicator circuit in one embodiment of the present invention.

FIG. 8 shows a segment 2 value data storage element in
one embodiment of the present invention.

FIG. 9 shows a sequence of operations for the reception
indicator circuit in an alternate embodiment of the present
invention.

FIG. 10 shows steps executed in an interrupt service
routine for processing and receiving an information packet
in one embodiment of the present invention.
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FIG. 11 shows an interrupt latency counter that 1s included
in one embodiment of the present invention.

FIG. 12 shows a sequence of operations for the reception
indicator circuit 1n an alternate embodiment of the present
invention.

FIG. 13 shows steps executed for determining an interrupt

time coellicient value 1n accordance with the present inven-
fion.

FIG. 14 shows steps executed in an interrupt service
routine for processing and receiving an information packet
in an alternate embodiment of the present invention.

FIG. 15 shows steps executed for adjusting an interrupt
time constant in accordance with the present imvention.

FIG. 16 shows a sequence of operations for the reception
indicator circuit 1n an alternate embodiment of the present
invention.

FIG. 17 shows a sequence of operations for the reception
indicator circuit 1n an alternate embodiment of the present
invention.

FIG. 18 shows a set of length-delay data storage elements
in accordance with the present mvention.

FIG. 19 shows a sequence of operations for the reception
indicator circuit in an alternate embodiment of the present
invention.

FIG. 20 shows steps executed 1n an interrupt service
routine for processing and receiving an information packet
in an alternate embodiment of the present invention.

FIG. 21 shows a sequence of operations for the length
finder circuit 1n accordance with the present invention.

FIG. 22 shows a set of length-type data storage elements
in one embodiment of the present invention.

FIG. 23 shows a set of length-type data storage elements
in an alternate embodiment of the present invention.

DETAILED DESCRIPTION

1. The Communications Network

A communications network standard, such as the IEEE
802.3 standard or the DIX Ethernet standard, dictates the
physical and logical specifications for a communications
network. As part of these specifications, the minimum and
maximum sizes of an information frame and information
packet are defined, as well as some restrictions on the
organization of information in information frames and mnfor-
mation packets.

FIG. 1 shows the format of an information frame 90 that
1s 1n conformance with the IEEE 802.3 standard for com-
munications networks. The information frame 90 1s com-
prised of an information packet 100, a preamble field 101,
and a start of frame delimiter 102. When the information
frame 90 1s transferred over a communications network, the
preamble field 101 1s the first portion of the information
frame to be both transmitted and received. The preamble
field 101 consists of a series of bits that are arranged 1n a
predetermined pattern. The preamble field 101 1s provided to
enable a node to recognize that an information frame 1is
being transferred on the communications network.

Following the preamble field 101 1s the start of frame
delimiter 102, which consists of another predetermined
pattern of bits. The start of frame delimiter 102 indicates that
the next byte 1n the information frame 90 1s the start of the
information packet 100. The preamble 101 and start of frame
delimiter 102 are comprised of 64 bits, which are discarded
by receiving nodes on the communications network and
never loaded 1nto any type of data storage medium. The first
byte of a header field 103 1s the first byte of the information
packet 100 that 1s not discarded.
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The header field 103 1mmediately follows the start of
frame delimiter 102. The header field 103 includes a desti-

nation address 104, a source address 105, and a length field
106. The destination address 104 1s the first six bytes of
information 1n the header field 103. It indicates the address
of the node or nodes that are intended recipients of the
information packet 100. The source address 105 1s the six
bytes of information that follow the destination address 104.
It indicates the address of the node that transmitted the
information packet 100. The length field 106 follows the

source address 105, and 1t consists of two bytes of
information, which indicate the number of bytes that are in
a data field 107 of the information packet 100.

The data field 107 immediately follows the header field
103, and 1t consists of between 46 and 1500 bytes of
information. A four byte frame check sequence (“FCS”)
field 108 follows the data field 107. The FCS field 108
contains a checksum that 1s generated by the transmitting
node and read by the receiving node to determine whether
any of the bytes in the information packet 100 have been
corrupted. In some 1nstances, the mmformation packet 100

may not include the FCS field 108.

FIG. 2 shows the format of an mmformation frame 91 in
conformance with the DIX Ethernet standard for communi-
cations networks. The information frame’s preamble field
101, start of frame delimiter 102, destination address 104,
source address 105, data field 107, and FCS field 108 are the
same as the corresponding fields 1 the IEEE 802.3 standard
information frame 90. However, the DIX Ethernet standard
information packet 100 has a two byte type field 109, instead
of the length field 106 that 1s called for in the IEEE 802.3
standard. The type field 109 indicates the network operating
system protocol of the information packet 109.

The information frames appearing in FIG. 1 and FIG. 2
are only two possible information frames that can be used
with embodiments of the present invention. One with ordi-
nary skill in the art will recognize that the present invention
1s not restricted to the IEEE 802.3 and DIX Ethernet
standards. Embodiments of the present mvention can be
made or used to operate with information frames that are in
conformance with many other communication network
standards, such as token ring, fiber distributed data interface,
and many more.

The standards for managing information packets within a
communications network are dictated by a network operat-
ing system. The network operating system typically defines
a protocol that specifies the ordering of information within
the data field 107 of the information packet 100. Often, a
network operating system protocol will require that a pro-
tocol header having a protocol length field be included 1n the
data field 107. The protocol length field typically specifies
the number of bytes 1n the packet’s data field 107.

FIG. 3 shows the DIX Ethernet standard information
frame 91 of FIG. 2 having an information packet 100 that
includes a protocol header field 111, protocol length field
112, and protocol data field 113. The protocol data field 113
1s the portion of the information packet’s data field 107 that
contains information other than the protocol header 111. The
protocol length field 112 1s within the protocol header field
111, and 1t indicates the combined number of bytes that are
in the protocol header field 111 and the protocol data field
113, which combine to comprise the data ficld 107 of the
packet 100. Each node that resides on a communications
network transfers and manages information packets in
accordance with both a communication network standard
and network operating system protocol.

Furthermore, several logical sub-networks can exist
within a single communications network. Although all the
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sub-networks may be operating under the same communi-
cations network standard, each sub-network may alterna-
fively be operating under a different network operating
system. As a result, a first node on a sub-network may
receive 1nformation packets from other nodes on other
sub-networks that do not conform to a protocol used by the
first node. This can occur when broadcast packets are
transmitted onto the communication network or the first
node does not perform complete address filtering. Although
such non-conforming packets will eventually be discarded,
they may initially be received by the first node and trans-
ferred to a host system’s memory. Accordingly, 1t 15 desir-
able to provide for minimizing the utilization of the proces-
sor unit in the reception of mformation packets that have
both conforming and non-conforming protocols.

2. The Network Peripheral

In order for a host system to operate as a node on a
communications network, 1t may be connected to the com-
munications network by a network peripheral. A network
peripheral 1s any device or combination of devices that
operate together to provide for the transfer of information
between the host system and the communications network.
In some 1nstances, the network peripheral may be an adapter
card that resides 1n a host system’s backplane or a PCMCIA
card. In other instances, the network peripheral may be a
single 1ntegrated circuit or set of integrated circuits that
reside on the host system’s motherboard. One with ordinary
skill 1n the art will recognize that these are only examples of
network peripherals and that many others exist.
Additionally, a host system may be any type of processor or
system that processes information, such as data, video
and/or voice communications. The term host system may be
understood to 1nclude the data processing circuitry,
microcode, software, and other components of many differ-
ent types of systems, including computers, network printers,
networking bridges, networking routers and other network
computing devices.

FIG. 4 displays a network peripheral 200 in accordance
with the present invention. The network peripheral 200
includes a physical layer mterface 201, a data link controller
202, a memory management unit (“MMU”) 203, a data
storage unit 204, a host system intertace 205, a length finder
circuit 213, and a reception indicator circuit 211. The
network peripheral 200 may be designed to operate 1n
conformance with many different types of communications
network standards, for transferring information packets that
include either data communications, voice communications,
video communications, or a combination thereof.

In one embodiment of the present invention, the network
peripheral 200 1s adapted to operate with a communications
network having either a DIX Ethernet or IEEE 802.3 net-
work standard for the transfer of information packets car-
rying data at a bit rate of 10 Megahertz. Due to the similarity
of the IEEE 802.3 packets and DIX Ethernet packets, these
two forms of information packets can easily coexist on the
same communications network. In an alternate embodiment
of the present invention, the network peripheral 200 1is
adapted to operate with a communications network having a
network standard for the transfer of information packets at
a bit rate of 100 Megahertz. In another embodiment of the
present invention, the network peripheral 200 can be pro-
crammed to operate 1n accordance with either a 10 Mega-
hertz bit transfer rate network standard, a 100 Megahertz bat
transier rate network standard, or both the 10 Megahertz and
100 Megahertz network standards. Although the network
peripheral’s operation will be described with respect to
specific types of information packets, one with ordinary skill
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in the art will recognize that the network peripheral 200 1s
not limited to only operating with information packets of
these types.

The physical layer interface 201 connects directly to the
physical medium of a communications network 214. During,
a transmission, the physical layer interface 201 converts the
host system signals that constitute an information frame into
signals that are 1n conformance with the signaling require-
ments of the communications network 214. During a
reception, the physical layer interface 201 converts the
communications network signals that constitute an informa-
fion frame into signals that are 1n conformance with the
signaling requirements of the host system.

The data link controller 202 1s coupled to the physical
layer interface 201 and transfers information packets
between the network peripheral 200 and the physical layer
interface 201. The data link controller 202 ensures that the
information packets are transmitted and received 1n accor-
dance with the timing and network management specifica-
tions of the network standard for the communications net-

work 214. During a reception of an IEEE 802.3 or DIX
Ethernet information frame, the data link controller 202 1s
responsible for stripping away the preamble field 101 and
start of frame delimiter 102 and only passing the information
packet 100 to the memory management unit 203 in the
network peripheral 200. During a transmission of an infor-
mation packet 100, the data link controller 202 1s responsible
for appending a precamble field 101 and start of frame
delimiter 102 to the information packet 100, in order to form
an 1nformation frame. The data link controller 202 also
provides network management statistics that can be used by
a host system to monitor and respond to activities on the
communications network 214.

The memory management unit 203 1s coupled to the data
link controller 202, host system interface 2035, and data
storage unit 204. The MMU 203 coordinates the flow of data
between the data link controller 202, the host system inter-
face 205, and the data storage unit 204.

The data storage unit 204 holds data that 1s used 1n the
operation of the network peripheral 200. The data stored in
the data storage unit 204 can contain many different types of
information, including the following: information packets
that are waiting to be transmitted onto the communications
network 214, information packets received from the com-
munications network 214 that are waiting to be processed by
a host system, descriptor data for locating and linking
information packets and segments of information packets,
commands to the network peripheral 200, communications
network status information, information packet status
information, and network management information. The
data storage unit 204 may be made from a combination of
different electronic data storage circuitry. This circuitry can
include, but 1s not limited to, random access memory,
content addressable memory, sequential and combinational
register logic, read only memory, first-in first-out (“FIFO”)
memory, or a combination thereof.

The host system 1nterface 205 1s coupled to a host system
bus 206 and provides for the transfer of data between the
host system bus 206 and the network peripheral 200. The
host system 1nterface 205 both transmits and receives data,
address, and control signals that enable a host processor unit
207 to communicate with the network peripheral 200 over
the host system bus 206. Although the host system 1nterface
2035 1s shown to be directly connected to the host system bus
206, 1t may alternatively be coupled to the host system bus
206 through either standard or proprietary logic (not shown).

The reception indicator circuit 211 1s coupled to the
memory management unit 203, data link controller 202, host
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system 1nterface 205, and length finder circuit 213. The
reception 1ndicator circuit 211 provides a reception signal to
the host system interface 205 to indicate that an interrupt
should be 1ssued to the host processor unit 207 to cause the
processor unit 207 to begin processing an incoming infor-
mation packet. In response, the host system interface 205
1ssues an mterrupt signal from the network peripheral 200 to
the host system bus 206. The reception indicator circuit 211
determines when such an interrupt should be 1ssued based
upon 1nformation 1t retrieves from the data storage unit 204,
data link controller 202, and length finder circuit 213.

The length finder circuit 213 1s coupled to the data link
controller 202, MMU 203 and reception indicator circuit
211. The length finder circuit 213 determines a length value
for an mcoming information packet based upon data it
retrieves from the data link controller 202. The length value
1s then available to be retrieved by the reception indicator
circuit 211.

The host system bus 206 1s not required to be any
particular type of bus. Its function 1s to provide for the
transfer of data, address, and control signals between the
network peripheral 200 and the host processor unit 207. In
onc embodiment of the present invention, the host system
bus 206 1s the host system’s backplane, such as an ISA-Bus
or EISA-Bus. In an alternate embodiment of the present
invention, the host system bus 206 1s a proprietary bus on a
host system’s motherboard. In further embodiments of the
present invention, the host system bus 206 may be a Periph-
eral Component Interconnect (“PCI””) bus. One with ordi-
nary skill in the art will recognize that the host system bus
206 can be any bus that transfers address, data, and control
signals, which enable the host system interface 205 to
communicate with components of the host system, such as
the host processor unit 207.

The host processor unit 207 1s coupled to the host system
bus 206. Although the host processor unit 207 in FIG. 4 1s
directly connected to the host system bus 206, the host
system bus 206 may alternatively be a secondary bus that 1s
coupled to the host processor unit 207 through any form of
standard or proprietary interface logic (not shown). The host
processor unit 207 may be comprised of any electronic
circuitry for performing data processing, including a micro-
ProCeSSor.

A host random access memory (“host RAM™) 208, a host
read only memory (“host ROM™) 210, and a host mass
storage unit 209 may also be coupled to the host system bus
206. The host mass storage unit 209 may be either a hard
disk drive, floppy disk drive, compact-disc read only
memory (“CD ROM?”) drive, or other means that either
contains data or instructions for the host processor unit 207
or 1s capable of reading media that contain data or instruc-
tions for the host processor unit 207.

FIG. 5 displays an information frame 92, including an
information packet 220, that may be transterred on the
communications network 214 in FIG. 4. In accordance with
the present 1invention, the information frame 92 has a pre-
amble field 221, start of frame delimiter 219, destination
address 222, source address 223, data field 225 and FCS
field 226, which are the same as the corresponding infor-
mation packet segments 1 FIG. 1 and FIG. 2. The infor-
mation packet 220 also has a length-type field 224. The
length-type field can indicate either a length or a type,
depending on which communications network standard gov-
erns the format of the information packet 220. Although the
information frame 92 in FIG. 5 may conform with either the
IEEE 802.3 or DIX Ethernet standard, one with ordinary

skill in the art will recognize that in embodiments of the
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present invention the mformation frame 92 1n FIG. 5 may be
substituted with information frames that conform to many
different standards.

The network peripheral 200 (FIG. 4) begins receiving an
information frame, such as frame 92, through the physical
layer interface 201 and the data link controller 202. After the
start of frame delimiter 219 1s recognized by the data link
controller 202, the data link controller 202 begins passing
the 1ncoming portions of the information packet 220 to the
memory management unit 203. The memory management
unit 203 loads the data from the information packet 220 1nto
the data storage unit 204. After being stored in the data
storage unit 204, data from the information packet 220 may
need to be transferred to the host RAM 208. The host system
interface 205, 1n combination with the MMU 203, enable the
transfer of the mformation packet data 220 from the data
storage unit 204 to the host RAM 208.

In one embodiment of the present invention, the host
system 1nterface 205 operates 1n a programmed I/0 mode. In
this mode, the host system interface 203 retrieves a portion
of the received information packet from the data storage unit
204 through the MMU 203. The host system interface 2035
then places the retrieved portion into a readable data port in
the host system interface 205. The host processor unit 207
reads the retrieved portion from the readable data port in the
host system 1nterface 205 and then writes the retrieved
portion to the host RAM 208. This process 1s repeated until
the entire information packet 220 has been placed 1n the host
RAM 208. Alternatively, a direct memory access (“DMA”)
controller (not shown) in the host system may be used to
perform the aforementioned function of the host processor
unit 207 1n the programmed I/O mode.

In an alternate embodiment of the present invention, the
host system interface 205 operates 1n a DMA mode. In the
DMA mode, the host system interface 2035 retrieves a portion
of the information packet 220 from the data storage unit 204
through the MMU 203. The host system interface 205 then
directly writes the retrieved portion 1nto the host RAM 208
over the host system bus 206. In order to know where to
place the retrieved portion, the host system interface 203
retrieves receive descriptors from the data storage unit 204.
The receive descriptors contain the host RAM 208 locations
that should be used for storing information packets. The
receive descriptors are compiled and transferred to the
network peripheral 200 by the host processor unit 207.
Alternatively, the host processor unit 207 can provide the
receive descriptors to the host system interface 205.

In addition to the aforementioned data processing
operations, the host processor unit 207 performs other
processing operations related to incoming information pack-
ets. This processing includes monitoring the status of
received 1nformation packets to determine 1f any errors
occurred during their reception and passing such status
information to higher levels of the network operating sys-
tem.

The host processor unit 207 performs information packet
data transfer and processing operations by executing instruc-
tions in an interrupt service routine (“ISR™) for the network
peripheral 200. The ISR 1s comprised of instructions that
direct the actions of the host processor unit 207. The ISR
may be stored 1n either the host RAM 208 or the host ROM
210. The ISR may alternatively be stored on the host mass
storage unit 209, 1f the host mass storage unit 209 1s a fixed
medium, such as a fixed disk drive. The ISR may also be
stored on a portable medium that can be read by the host
mass storage unit 209, such as a floppy disk, a CD-ROM,
and/or a PCMCIA card.
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When 1t 1s desirable for the host processor unit 207 to
process the reception of an incoming information packet
220, the network peripheral 200 generates an interrupt
signal, via the reception indicator circuit 211 and the host
system 1nterface 205. In response to the interrupt, the host
processor unit 207 begins executing the ISR. The interrupt
signal may also be asserted by the network peripheral 200
when the network peripheral 200 requires the host processor
to take other actions, such as processing the transmission of
an 1nformation packet.

In order to provide for a single reception interrupt that
enables rapid processing of an incoming information packet
200, the interrupt signal may be 1ssued when an interrupt
time number of bytes of the mnformation packet 220 remain
to be received by the network peripheral 200. In accordance
with the present invention, the interrupt time number of
bytes 1s substantially equal to the number of bytes that can
be received by the network peripheral 200 1n a time equal to
the mterrupt latency time of the host system plus a signifi-
cant portion of the time required to process reception of the
incoming information packet 220. As a result, the interrupt
latency and host processor unit’s 207 execution of the ISR
1s substantially overlapped with the reception of the incom-
ing information packet 220.

FIG. 6 provides an 1illustration of the interrupt time
number of bytes with respect to the information packet 220
in FIG. 5. In FIG. 6, the iterrupt time number of bytes 1s
identified as Segment 2, while the remainder of the infor-
mation packet 220 1s identified as Segment 1. Segment 2 can
be broken down 1nto 3 components. The first component 1s
IL., which represents the number of bytes that can be
received by the network peripheral 200 during the interrupt
latency time of the host system. The second component is
SU, which represents the number of bytes that can be
received by the network peripheral during the time that the
host processor unit 207 executes any 1nitialization or setup
portion of the ISR. During such an initialization or setup
portion of the ISR, the host processor unit 207 typically
determines where to store the incoming mnformation packet
220 1n the host RAM 208. The third component 1s COPY,
which represents the number of bytes that can be received by
the network peripheral 200 1n the time that the incoming
information packet 220 can be transferred from the network
peripheral 200 to the host RAM 208.

3. The Reception Indicator Circuit
a. Employing a Segment 2 Value

FIG. 7 shows a sequence of operations performed by the
reception indicator circuit 211 in one embodiment of the
present 1mvention. One with ordinary skill in the art waill
recognize that many different electronic circuitry embodi-
ments of the reception indicator circuit 211 may be designed
to conform with this sequence of operations. In such an
embodiment, the reception indicator circuit 211 provides for
the assertion of a reception interrupt at a time that is
measured from the end of an incoming 1information packet.
A length value for the information packet 1s retrieved and
decremented 1n response to incoming bytes in the packet to
determine when the interrupt 1s to be asserted.

In a delay calculator state 330, the reception indicator
circuit 211 first performs a length determination step 333. In
the length determination step 333, a length value for the
incoming information packet 220 1s retrieved from a data
storage element. As will be described 1n greater detail below,
the length value may be determined by the length finder
circuit 213 (FIG. 4) and loaded into the data storage element.
In accordance with the present mnvention, the length value
may 1ndicate the number of bytes that are 1n the information
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packet’s data field 225. In one embodiment of the present
invention, the data storage element for the length value
resides 1n the data storage unit 204 and 1s accessed by the
reception indicator circuit 211 through the MMU 203. In
alternate embodiments of the present invention, the data
storage element for the length value may reside in either the
data link controller 202 or the length finder circuit 213. The
data storage element for the length value may be formed by
register logic circuits, random access memory, or other
suitable means.

Next i the delay calculator state 330, the reception
indicator circuit 211 executes a segment 2 determination
step 334 (FIG. 7), wherein the length finder circuit 211
determines a segment 2 value. The segment 2 value 1s an
approximation of the number of bytes in segment 2 of the
incoming information packet 220 (FIG. 6). In order to obtain
this value, the reception indicator circuit 211 reads the
scgment 2 value from a segment 2 value data storage
clement 245. As described i1n greater detail below, the
secgment 2 value may be calculated by the host processor 207
during a prior execution of the ISR. The segment 2 value
data storage element 245 1s shown in FIG. 8 and may reside
in the data storage unit 204, where 1t 1s accessible by the
reception indicator circuit 211, and host processor unit 207.
Under many circumstances the segment 2 value will be the
same or close to the same for most packets.

Once the segment 2 value 1s determined, the reception
indicator circuit 211 enters the byte count comparator state
331 to monitor the number of bytes of the incoming infor-
mation packet 220 that are received by the network periph-
eral 200. The reception indicator circuit 211 performs this
monitoring through its link to the data link controller 202.

In one embodiment of the present invention, the reception
indicator circuit 211 transitions to a signal asserter state 332,
once the network peripheral 200 has received all of the
incoming information packet 220, except for the segment 2
value number of bytes. In the signal asserter state 332, a
reception signal 1s asserted and provided to the host system
interface 205 (FIG. 4). As a result, the host system interface
205 generates an interrupt that 1s provided to the host
processor unit 207.

The byte count comparator 331 (FIG. 7) may determine
when the segment 2 value number of bytes remain by
decrementing the retrieved length value 1n response to the
network peripheral 200 receiving bytes of the mcoming
information packet and comparing the result to the segment
2 value. If the length value 1s equal to the number of bytes
in the packet’s data field 225 (FIG. 5), then the decrementing
would begin after the reception of the first byte in the data
field 225.

An alternate embodiment of the present invention is
shown 1n FIG. 9. In the embodiment shown in FIG. 9, the
transition from the byte count comparator state (331) to the
signal asserter state (332) 1s performed based on two dif-
ferent criteria. Once the network peripheral 200 receives at
least a minmimum value number of bytes of the incoming
information packet 220 and only the segment 2 number of
bytes, or less bytes, remain to be received, then the reception
indicator circuit 211 transitions to the signal asserter state
332. The minimum value number of bytes 1s the number of
bytes of an i1ncoming information packet that must be
received to indicate that the incoming packet 1s not merely
a fragment of a packet. In the IEEE 802.3 standard and DIX
Ethernet standard, the minimum value 1s 64 bytes.

FIG. 10 shows one embodiment of steps for an ISR that
can be used with a network peripheral 200 (FIG. 4) that
includes the reception 1ndicator circuit 211 described above.
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The first step 1n the ISR 1s the latency calculation routine
310. Here, the host processor unit 207 1s mstructed to disable
all host system interrupts and instruct the network peripheral
200 to deassert 1ts mnterrupt signal.

Next, the host processor 1s instructed to retrieve a latency
value, which retlects the interrupt latency time of the host
system. In one embodiment of the present invention, the
latency value may be read from an interrupt latency counter
270 (FIG. 11) in the network peripheral. In an alternate
embodiment of the present invention, the latency value may
be retrieved from a circuit in the network peripheral 200 that
determines the average interrupt latency time for the host
system. Such a circuit for obtaining the average value for the
interrupt latency time 1s disclosed 1n a U.S. Patent Applica-

tion entitled Device to Measure Average Timing Parameters,
by Robert Alan Williams, filed on Jun. 25, 1997/, and hereby
incorporated by reference. In a further embodiment of the

present invention, a latency value may be retrieved after the
ISR has been executed a number of times, instead of each
time the ISR 1s executed. Such a latency value could then be
employed to obtain an average latency value to be used until
a new latency value 1s calculated after another set of ISR
executions.

Once the latency value 1s obtained, the host processor unit
207 1s 1nstructed to convert the latency value into a latency
value number of bytes. The latency value number of bytes 1s
equal to the number of bytes that could be received by the
network peripheral 200 during the latency value time. This
byte count 1s approximately equal to the interrupt latency
(IL) portion of the incoming information packet 220.
Alternatively, the latency value may already be equal to the
latency value number of bytes, 1n which case no conversion
1s performed.

FIG. 11 shows an interrupt latency counter 270 that may
be used 1n accordance with the present invention to provide
a latency value. The interrupt latency counter 270 may
reside 1n the data storage unit 204 and can be read by the host
processor unit 207 through the host system interface 205 1n
combination with the MMU 203. Alternatively, the interrupt
latency counter may reside 1n the host system interface 2085.

The interrupt latency counter 270 1s incremented by a
clock 1nput signal that 1s coupled to the interrupt latency
counter’s clock input 271. The interrupt latency counter has
a clock enable 1mput 272 that 1s coupled to the network
peripheral interrupt signal. As a result, the interrupt latency
counter 270 increments while the network peripheral inter-
rupt signal 1s asserted. The interrupt latency counter 270
stops counting when the network peripheral’s interrupt
signal 1s deasserted.

In one embodiment of the present invention, the clock rate
of the clock input signal i1s equal to the rate that information
packet bytes are received from the communications network
214 by the network peripheral 200. As a result, the latency
value number of bytes 1s equal to the value stored in the
interrupt latency counter 270 when the ISR mstructs the host
processor unit 207 to read the counter 270.

Once the latency value 1s converted 1nto a number of
bytes, the ISR transitions to an mterrupt monitoring routine
311. The ISR instructs the host processor unit 207 (FIG. 4)
to determine what processing 1s required by the network
peripheral 200. In one embodiment of the present invention,
the host processor unit 207 makes this determination by
reading an interrupt data storage element (not shown) in the
data storage unit 204. The interrupt data storage element
indicates the type of interrupt that has been asserted by the
network peripheral 200.

If a reception interrupt has occurred, the ISR 1nstructs the
host processor unit 207 to enter routine 315 and start an
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execution timer. Next, the ISR 1nstructs the host processor
unit 207 to execute a receive routine 312. In the receive
routine 312, the host processor unit 207 1s instructed to
perform all the processing that 1s necessary for the incoming,
information packet 220. This processing includes assisting
in the transfer of the incoming packet 220 from the data
storage unit 204 to the host RAM 208. Once the receive
routine 312 1in completed, the ISR 1instructs the host proces-
sor unit to stop the execution timer, read the execution
timer’s value, and clear the execution timer 1n routine 316.
The execution timer may be implemented 1n either hardware
or software.

After retrieving the value 1n the execution timer in routine
316, the host processor unit 207 1s instructed to convert the
execution timer’s value 1nto an execution time byte value,
which 1s an approximation of the combined number of bytes
in the SU and COPY sections of the incoming information
packet 220. In accordance with the present invention, the
host processor unit 207 performs the conversion according
to the following equation:

ETBV=ET*(R,+R,) (1)

wherein:
ETBYV 1s the execution time byte value;
ET 1s the value retrieved from the execution timer;

R, 1s the time required for transferring a byte on the
communications network 214, which is equal to the
inverse of the byte data transfer rate of the communi-
cations network 214; and

R, 18 the time between each increment of the execution
timer.
For example, if the communication network has a byte data
transfer rate of 10 Megabits per second, then R,; 1s equal to
the mverse of 1.25 Megabytes per second. Accordingly, Ry,
1s equal to 800 nanoseconds.

After the receive routine 316 1s completed, the host
processor unit 207 1s then istructed to return to state 311 to
determine if any more processing 1s required by the network
peripheral 200. If 1n routine 311 the host processor unit 207
detects that reception processing 1s not required and an
alternate type of processing is required 200, the ISR instructs
the host processor unit 207 to perform the appropriate
operations 1n a set of transmission and management routines
313. After completing the appropriate operations in the
transmission and management routines 313, the host pro-
cessor unit 207 1s instructed to return to routine 311 and
determine 1f more processing 1S necessary.

If 1n the interrupt monitoring routine 311 the host pro-
cessor unit 207 determines that all processing required by
the network peripheral 200 1s complete, the ISR 1nstructs the
host processor unit 207 to execute a segment 2 load routine
337. The mstructions 1n the segment 2 load routine 337
direct the host processor unit 207 to calculate and load a
single segment 2 value into the segment 2 value data storage
element 245 (FIG. 8).

The ISR 1structs the host processor unit 207 to calculate
the segment 2 value by employing the following equation:

S2V=LV+ETBV (2)

wherein:

S2V 1s the segment 2 value;

LV is the latency value number of bytes determined in the
latency calculation routine 310; and

ETBV 1is the execution time byte value determined in
routine 316.
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The host processor unit 207 loads the result of this a

calculation into the segment 2 value data storage element
245.

Once the segment 2 load routine 337 1s completed, the
ISR 1nstructs the host processor unit 207 to restore the host
system to the state 1t was 1n before entering the ISR, exit the
ISR and return to the operations 1t was performing before
entering the ISR.

In an alternate embodiment of the present invention, a
secoment 2 value may be calculated 1n the ISR’s segment 2
load routine 337 (FIG. 10) to account for an average
scoment 2 value from several packets. In one such
embodiment, the execution time byte value (ETBV) is
calculated differently. The stop and read execution timer
routine 316 1s modified so that the execution timer 1s stopped
every time routine 316 1s entered, but the timer 1s not cleared
or read every time. Instead, the execution timer 1s only read
or cleared after routine 316 1s entered each N number of
times, wherein N 1s an integer. On each Nth time that routine
316 1s entered, the execution timer 1s read and cleared, and
an execution time byte value 1s calculated according to the
following equation:

ETBV=ET*(R;+R\)+N (3)

wherein:

N 1s the number of times that routine 316 has been

entered, since an ETBV was last calculated.

The execution time byte value calculated according to
equation 3 can then be employed in the segment 2 load
routine 337 to calculate a segment 2 value. In order to
account for an average segment 2 value, a latency value 1s
obtained 1 step 310, as described above, based on an
average value for the host system’s interrupt latency. In
routine 337, the latency value based on an average latency
time 1s added to the execution time byte value calculated
using equation 3 to obtain the desired average segment 2
value. This segment 2 value 1s then loaded 1nto the segment
2 value data storage element 245. Since an average segment
2 value 1s bemg calculated, routine 337 only needs to
recalculate such a value whenever a new executive time byte
value 1s generated.

b. Employing a Segment 1 Value

In another embodiment of the present invention, the
reception indicator circuit 211 calculates the approximate
instance at which Segment 1 ends and Segment 2 begins
(FIG. 6) 1n an incoming information packet. With reference
to FIG. 6, information packet 220 can be described 1n terms
of time as follows:

(4)

ISE(S'l:IPK?FIfL_ISU_ICQPY

wherein:

tezc; 1S the interrupt time (the time required for the
network peripheral 200 to receive Segment 1);

t o718 the time required for the network peripheral 200 to
receive the entire information packet 220;

t,, 1s the time of the host system’s interrupt latency,
identified by the IL component;

to;r 18 the time required for any imitialization or setup
functions to be performed in the ISR, identified by the
SU component; and

t-opy 1S the time required for transferring the incoming

information packet 220 from the network peripheral
200 to the host RAM, 1dentified by the COPY compo-
nent.
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Equation 5 can be re-written as follows:

tsec1=((PACKET_SIZE)*(Ry—Rc))-(ti+su) (6)

wherein:

R, 1s a byte copy rate, which 1s the time required to
transfer a single byte from the network peripheral 200

to the host RAM 208.

Ry, 1s the time required for transferring a byte on the
communications network 214, which 1s equal to the
inverse of the byte data transfer rate of the communi-
cations network 214; and

PACKET__SIZE 1s the number of bytes 1n the incoming
information packet 220.

PACKET__SIZE may be expressed 1n terms of the following
equation:

PACKET_SIZE=L.ENGTH+HEADER+FCS

(7)

wherein LENGTH 1s the length value for the incoming
information packet 220.

Consequently, the time at which the interrupt for the
incoming information packet 220 should be asserted (t. )

can be expressed as follows:
terc,=A*(PACKET_SIZE)-B (8)

wherein:

A 1s an interrupt time coefficient equal to R,, ,-; and

B is an interrupt time constant equal to (t;; +ts;,).

In accordance with the present invention, the reception
indicator circuit 211 obtains A, B, and the length value, as
inputs. Each of these values may be retrieved from data
storage locations on the network peripheral 200. The recep-
tion 1ndicator circuit 211 then provides the reception signal
to the host system interface 205 at time t...,. FIG. 12
illustrates a sequence of operations for such a reception
indicator circuit 211.

In a delay calculator state 430 (FIG. 12), the reception
indicator circuit 211 performs a length determination step
433, which 1s the same as the length determination step 333
illustrated 1 FIG. 7. Once the length value 1s retrieved, the
reception indicator circuit 211 enters an operand determi-
nation step 434 to retrieve values for A and B. The values for
A and B may be stored in the data storage unit 204 (FIG. 4),
so that the reception indicator circuit 211 can retrieve them
through the MMU 203.

Once the length value, interrupt time coefficient (A), and
interrupt time constant (B) have been retrieved, the reception
indicator circuit 211 enters a delay determination step 435 to
calculate a value for t.. .. The value for t. ., 1s determined
by having circuitry perform the operation specified in equa-
fion 8.

After obtaining the value for t¢.,, the reception indicator
circuit 211 transitions to a delay comparator state 431 (FIG.
12). In the delay comparator state 431, the reception indi-
cator circuit 211 determines whether the time interval of
ter; has elapsed from the time that the network peripheral
200 began receiving the first byte of the incoming informa-
tion packet 220.

The reception indicator circuit 211 1s able to determine
when the network peripheral 220 begins receiving the
incoming information 220 packet through 1ts connection to
the data link controller 202. Once it 1s determined that t.. -,
has elapsed, the reception indicator circuit 211 transitions to
a signal asserter state 432, which operates the same as the
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signal asserter state 332 1n FIG. 7. In an alternate embodi-
ment of the present invention the reception indicator does
not transition from the delay comparator state 431 to the
signal asserter state 432 until t..., has elapsed and the
minimum value number of bytes of the incoming informa-
tion packet 220 have been received.

The values for the interrupt time coefficient (A) and
interrupt time constant (B) may be calculated in software
that works 1n cooperation with the network peripheral 200.
In accordance with the present invention, the coeflicient A

may be calculated 1n an 1nitialization routine that resides in
cither the host RAM 208, host ROM 210, host mass storage

unit 209, or a portable medium that can be read by the host
mass storage unit 209. The B value may be determined in the
ISR for the network peripheral.

FIG. 13 shows a sequence of operations for calculating
coellicient A. In a memory load step 440, the host processor
unit 207 1s mstructed to load data mto the data storage unit
204 (FIG. 4). This may be performed by the processor unit
207 instructing the network peripheral 200 to perform an
internal loopback operation. During the internal loopback
operation, the network peripheral 220 begins operating as 1t
would to perform the transmission of an information packet.
Data from the host RAM 208 1s transferred to the data link
controller 202. However, instead of transferring the data
onto the communications network, the data link controller
202 merely buffers the data to the data storage unit 204
through the MMU 203.

Once this operation 1s complete, the host processor unit
reads a copy timer (not shown) in step 441 (FIG. 13). In
accordance with the present invention, the copy timer may
be a free running counter that counts at a clock rate, which
1s equal to the rate at which bytes are transferred on the
communications network 214. The copy timer may be
maintained in either the network peripheral 200, the proces-
sor unit 207, or software.

After reading the timer, the host processor unit executes
a loopback receive routine 442 to transfer the data from the
data storage unit 204 to the host RAM 208. The loopback
receive routine 1s the same receive routine 312 that is
executed 1 the ISR and may perform either programmed
I/O or DMA data transfers. Once the receive routine 1s
complete, the processor unit 207 reads the copy timer 1n step
443. After reading the copy timer (step 443), the host
processor unit 207 1s instructed to calculate a copy rate in
stecp 444. The copy rate indicates the time required to
transfer one byte of data from the network peripheral 200 to
the host RAM 208. This may be achieved by performing the

following operation:

R (T,-T)+BYTES (9)
wherein:

R 1s the byte copy rate;

T, 1s the value obtained from the second reading of the
copy timer;

T, 1s the value obtained from the first reading of the copy
timer; and

BYTES 1s the number of bytes transferred from the
network peripherals 200 to the host system in the
loopback receive routine 442.

In an alternate embodiment of the present invention, the
copy timer may count at a different rate than the byte transfer
rate of the communications network 214. In such a case, the
values that are retrieved from the copy timer are converted
to mdicate the number of network byte times that elapsed
during the retrieved counting values. The converted values
are then employed as T, and T, 1n equation 9.
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Once R 1s calculated, the host processor unit 207 cal-
culates a value for A 1 step 445. In accordance with the
present mvention, the value for A may be calculated by
performing the following operation:

After calculating the value A, the processor unit 207
executes a load A step 446, in which the value A 1s loaded
into a data storage location on the network peripheral 200.
The data storage location for the value A may reside in either
the data storage unit 204, reception indicator circuit 211, or

other suitable location on the network peripheral 200.
FIG. 14 1llustrates an ISR that may be used in conjunction

with the network peripheral 200 for calculating a value for

B. The ISR in FIG. 14 1s substantially the same as the ISR

in FIG. 10, with the following exceptions:

1. The Latency Calculation Routine 310, Begin Execution
Timer Routine 315 and Stop and Read Execution Timer
Routine 316 have all been removed;

2. The Latency Load Routine 317 1s replaced by a B
Adjustment Routine 450; and

3. The interrupt monitoring routine 311 performs the
additional function of disabling host system interrupts
and having the network peripheral 200 deassert its
interrupt signal, when routine 311 1s executed for the
first time.

All the remaining routines operate the same as the equiva-
lently numbered routines in FIG. 10. FIG. 15 shows a
sequence of operations for the B Adjustment Routine 450,
which provides for adjusting the value of B. When the
network peripheral first begins to operate, B may be set to
a default value, such as one half of the time required to
fransmit a packet with a maximum allowable number of
bytes on the communications network 214.

In the data storage unit 204 (FIG. 4), the network periph-
eral 200 has a designated receive memory location (not
shown) for buffering an incoming information packet. In
accordance with the present invention, this location may be
a FIFO (First In-First Out) memory. A receive memory
empty counter (not shown) indicates the number of times
that the designated receive memory location was emptied
during the reception of an incoming information packet 220.
In accordance with the present invention, the receive
memory empty counter may be maintained in the data
storage unit 204. In step 460 (FIG. 15), the processor unit
207 1s 1nstructed to read the receive memory empty counter.

In step 461, the processor unit 207 averages the value
retrieved 1n step 460 with values that it previously obtained
from reading the receive memory empty counter. The aver-
age may be obtained by summing a set of values retrieved
from the receive memory empty counter and dividing the
sum by the number of values that have been summed.
Alternatively, a weighted average may be obtained to give
orcater weight to the most frequently occurring retrieved
values. In step 462, the processor unit 207 determines
whether the average value of the receive memory empty
counter readings 1s less than 1. If the average value 1s greater
than or equal to 1, the host processor unit 207 decrements B
in step 463 and writes the new B value to a data storage
location for B 1n the network peripheral 200. In accordance
with the present invention, B may be decremented by 10%.
In an alternate embodiment of the present invention, B may
be decremented by a fixed amount, such as 2% of the time
required to transmit a maximum length packet on the
communications network 214. After decrementing B, the
processor unit exits the ISR 1n the manner described for the

ISR 1illustrated in FIG. 10.
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As a result of decrementing B, the reception interrupt will
be 1ssued at a later time, since t .., will be 1ncreased.
Accordingly, the processor unit will be less likely to empty
the entire designated receive memory during the reception of
the mcoming information packet 220. This 1s beneficial,
because it reduces the likelihood of the processor unit 207
sitting 1dle 1n the ISKR.

If the average value 1s less than 1 1n step 462, the
processor unit 207 begins executing step 464, 1n which the
value in a receive memory bytes left counter (not shown) 1s
read. The receive memory bytes left counter indicates the
number of bytes left in the designated receive memory when
the last byte of the incoming mmformation packet 220 1is
received. In accordance with the present invention, the
receive memory bytes left counter may be maintained in the
data storage unit 204 (FIG. 4).

In step 465, the processor unit 207 averages the value
retrieved 1n step 464 with values that it previously obtained
from reading the receive memory bytes left counter. This
average may be taken in the same manner as described
above for the receive memory empty count values. In step
466, the processor unit 207 determines whether the average
value of the receive memory bytes left count 1s greater than
the number of bytes transterred from the network peripheral
200 to the host RAM 208 1n a single data transfer operation.
If the average receive memory bytes left count 1s less than
or equal to the data transter size, the processor unit 207 exits
the ISR. If the average value 1s greater than the data transfer
size, the host processor unit increments B 1n step 467 and
writes the new B value to the data storage location for B 1n
the network peripheral 200. In accordance with the present
invention, B may be incremented by 10%. In an alternate
embodiment of the present invention, B may be incremented
by a fixed amount, such as 2% of the time required to
transmit a maximum length packet on the communications
network 214. The processor unit then exits the ISR 1n the
manner described for the ISR illustrated in FIG. 10.

As a result of incrementing B, the reception mterrupt will
be 1ssued at an earlier time, since t .., will be decreased.
Accordingly, the processor unit will be less likely to remain
in the ISR after the completion of the network peripheral’s
reception of the incoming information packet. This 1is
beneficial, because 1t makes the processor 207 available
more rapidly to service demands from higher levels of the
network operating system.

c. Employing a Big and Small Packet Distinction

FIG. 16 shows another embodiment of the reception
indicator circuit 211 in accordance with the present inven-
tion. This embodiment provides for determining whether an
incoming information packet 220 1s a “big’packet or a
“small” packet and generating the mterrupt accordingly. On
communications networks, empirical data shows that 1nfor-
mation packets typically contain either a small number of
bytes or the maximum number of bytes allowable by the
communications network standard. Approximately 100
bytes 1s considered to be a small number of bytes 1n a packet.
Theretore, it 1s beneficial to provide a reception interrupt at
cither a time that 1s best for a “small” packet, having for
example a number of bytes 1n the range of 0 to 200 bytes,
or another time that 1s best for a “bi1g” maximum size packet.

In a delay calculator state 530 (FIG. 16) for such a
reception indicator circuit 211, the reception indicator circuit
211 first executes a length determination step 533. In the
length determination step 533, the reception indicator 211
retrieves a length value for an incoming information packet.
As previously described for step 333 1n FIG. 7, this value
may be determined by the operation of the length finder
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circuit 213 (FIG. 4). Next in a threshold determination step
501, the reception mndicator circuit 211 retrieves a threshold
packet size value, which may be stored 1n the data storage
unit 204 or another suitable data storage location i1n the
network peripheral 200. The threshold packet size value
indicates the maximum size for a “small” packet. In one
embodiment of the present invention, the threshold packet
size value may be 300 bytes.

After retrieving the threshold packet size value, the recep-
fion indicator circuit 211 compares the length value to the
threshold packet size value in step 502. If the length value
1s equal to or less than the threshold packet size value, the
reception indicator circuit 211 transitions to a small packet
delay step 503. In the small packet delay step 503, the value
for the interrupt time (tgz4) 1S set to the time required for
the network peripheral 200 to receive the minimum value
number of bytes from the communication network 214.

If the length value exceeds the threshold packet size
value, the reception indicator circuit 211 transitions to a big,
packet delay step 504. In step 504, an interrupt time constant
(B), as describe above, is retrieved from a data storage
location 1n the network peripheral and assigned to t..,. In
this embodiment of the present invention, B indicates the
time period that should elapse from the moment that the
network peripheral 200 begins receiving the incoming infor-
mation packet 220 until the moment that the reception
interrupt 1s generated. In accordance with the present
invention, B 1s adjusted 1n the ISR for the network peripheral
200, as described above and illustrated with reference to
FIG. 14. A default starting value for B may be equal to the
fime required to receive a packet that has half of the
maximum number of bytes allowable by the communica-
fions network’s 214 standard.

Once a value for t..., 1s obtained 1n either step 503 or
step 504, the reception indicator circuit 211 transitions to a
delay comparator state 531 that operates the same as the
delay comparator state 431 illustrated in FIG. 12. In state
531, the late reception indicator 211 determines when to. -4
has elapsed from the time that the network peripheral’s
reception of the incoming packet began. Once t .., has
clapsed, the reception indicator circuit 211 transitions to the
signal asserter state 532, which operates the same as the
signal asserter state 332 1illustrated in FIG. 7.

d. Employing Length-Delay Data Storage Elements

FIG. 17 1llustrates a sequence of operations performed by
the reception indicator circuit 211 (FIG. 4) in an alternate
embodiment of the present invention. In this embodiment, a
look-up table 1s employed to determine the delay to wait
from the beginning of a packet before indicating that a
reception interrupt 1s to be asserted. As 1n the reception
indicator circuit 211 embodiment that was described with
reference to FIGS. 7-11 (Employing a Segment 2 Value), the
first state entered by the reception indicator 211 1s a delay
calculator state 230 (FIG. 17). In the delay calculator state
230, a length determination 233 1s performed for an 1ncom-
ing information packet 220 (FIG. 6). The length determina-
tion step 233 1s the same as the length determination step
333 described with reference to FIG. 7. As a result, a length
value for the incoming information packet 220 1s retrieved
from a data storage element.

Once the length value 1s retrieved, the reception indicator
circuit 211 remains in the delay calculator state 230 and
performs a delay determination step 234. In the delay
determination step 234, the reception indicator circuit 211
determines a delay value, which 1s approximately equal to
the number of bytes in Segment 1 (FIG. 6) of the incoming
information packet 220.
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In order to determine the delay value, the reception
indicator circuit 211 references a set of length-delay data
storage clements. FIG. 18 shows a set of N number of
length-delay data storage eclements 240(1)-240(N) that

reside 1n the data storage unit 204. Each length-delay data
storage element 240(1)-240(N) can be accessed by the

reception indicator circuit 211 through the MMU 203, as
well as by the host processor unit 207 through the host
system 1nterface 205 1in combination with the MMU 203.
In one embodiment of the present invention, each length-
delay data storage element 240(1)-240(N) is a single data
storage element having one address. In an alternate embodi-

ment of the present mvention, ecach length-delay storage
element 240(1)-240(N) may have a plurality of addresses,
with each address corresponding to a different portion of the
length-delay data storage eclement 240. In yet another
embodiment of the present invention, each length-delay data
storage element 240(1)-240(IN) may consist of a plurality of
storage elements that each contain a different portion of the
data 1n the length-delay data storage element 240. For
example, each length delay data storage element 240(1)—-240
(N) may consist of two registers having different addresses.

Each length-delay data storage element 240(1)-240(N)
contains a reference length value field 241 and a reference
delay value field 242. Each reference length value field
241(1)-241(N) contains a reference length value. Each ref-
erence delay value field 242(1)-242(N) contains a reference
delay value. Each reference delay value 1s equal to the
number of bytes 1n Segment 1 of an information packet that
has a length value equal to the reference length value 1n a
respective reference length value field 241(1)-241(N). For
example, a reference delay value in the first reference delay
value field 242(1) is substantially equal to the number of
Segment 1 bytes 1n an information packet having a length
value that 1s equal to the reference length value 1n the first
reference length value field 241(1).

In the delay determination step 234, the reception 1ndi-
cator circuit 211 selects a length-delay data storage element
240, which contains a reference length value that corre-
sponds to the length value of the incoming information
packet 220. A reference length value corresponds to the
length value when it 1s the one of the N number of reference
length values that most closely matches the length value.
The reference delay value 1n the selected length-delay data
storage eclement 240 1s then retrieved by the reception
indicator circuit 211 and used as the delay value for the
incoming information packet 220.

Once the delay value 1s determined, the reception indi-
cator circuit 211 enters the byte count comparator state 231.
In this state 231 the reception indicator circuit 211 monitors
the number of bytes of the incoming information packet 220
that are received by the network peripheral 200. The recep-
tion 1ndicator circuit 211 performs this monitoring through
its link to the data link controller 202. In one embodiment of
the present invention, once the network peripheral 200
receives the delay value number of bytes of the imncoming
information packet 220, the reception indicator circuit 211
transitions to a signal asserter state 232.

In an alternate embodiment of the present invention, as
shown 1n FIG. 19, once the network peripheral 200 receives
both the delay value and a minimum value number of bytes
of the i1ncoming information packet 220, the reception
indicator circuit 211 transitions to the signal asserter state
232. The minimum value number of bytes 1s the number of
bytes of an i1ncoming information packet that must be
received to indicate that the incoming packet 220 1s not
merely a fragment of a packet. In the IEEE 802.3 standard
and DIX Ethernet standard the minimum value 1s 64 bytes.




US 6,304,911 BI1

23

In the signal asserter state 232, the reception signal 1s
asserted and provided to the host system interface 205. As a
result, the host system interface 205 generates an interrupt
that 1s provided to the host processor unit 207.

FIG. 20 shows the sequence of operations for an ISR that
may be employed with a network peripheral 200 that
includes a reception indicator circuit 211 as described with
reference to FIGS. 17-19. The ISR shown 1n FIG. 20 1s the
same as the ISR shown in FIG. 10 with one modification.
The segment 2 load routine 337 1s replaced by a latency load
routine 317. The 1nstructions 1n the latency load routine 317
direct the host processor unit 207 to calculate and load
reference delay values into the length-delay data storage
clements 240(1)-240(N) (FIG. 18).

For each of the N number of length-delay data storage
elements 240(1)-240(N), the ISR instructs the host proces-
sor unit 207 to perform the following operations. First, the
host processor unit 207 retrieves a reference length value in
a reference length value field 241 (n). This value can be
retrieved from the length-delay data storage element 240(n)
or a copy of the contents of the length-delay storage element
that 1s maintained in host RAM 208. Next, the host processor
unit 207 calculates the reference delay value by employing,
the following equation:

RDV(n)=PACKET_SIZE(n)-(LV+ETBV)

(11)

wherein:
RDV(n) is the nth reference delay value;

LV 1s the latency value number of bytes;

PACKET __SIZE (n) is the number of bytes in an infor-

mation packet having a length value equal to the nth
reference length value; and

ETBV 1is the execution time byte value determined in
routine 316.

The host processor unit 207 loads the result of this calcu-

lation into the length-delay data storage element 240(n) for

later use as a reference delay value 1n the reference delay
value field 242(n).

The value for PACKET_SIZE(n) may be determined
according to the following operation:

PACKET__SIZE(n)=RLV(n)+HEADER+FCS

(12)

wherein:

RLV(n) is the nth reference length value;

HEADER 1s the number of bytes in an information packet
that precedes the data field; and

FCS 1s the number of bytes 1n an FCS field in an

information packet.

The value for ETBV may be calculated as described
above according to either equation 1 or equation 3. When
equation 3 1s employed, the execution time byte value
(ETBV) 1s calculated every Nth time that the stop and read
execution timer routine 316 1s executed. Similarly, the
execution timer 1s only cleared on every Nth execution of
routine 316. Also, when equation 3 1s used to obtain ETBY,
the latency value number of bytes used 1n equation 11 may
be calculated 1n routine 310 based on an average latency
time value, as described above.

Once the latency load routine 314 1s completed, the ISR
instructs the host processor unit 207 to restore the host
system to the state 1t was in before entering the ISR, exit the
ISR, and return to the operations it was performing before
entering the ISR.

In an alternative embodiment of the present invention, the
reference delay values may be calculated and accumulated
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cach time the ISR 1s executed. Each accumulated reference
value could then be averaged and loaded mto the length-
delay storage elements 240(1)-240(N) after the ISR 1is
executed a predetermined number of times.

In yet another embodiment of the present invention, the
reference delay values may only be calculated and loaded
every Nth time that the latency load routine 317 1s executed.
In such an embodiment, ETBV 1is calculated according to
equation 3 and an average latency time 1s used to calculate

LV.
4. The Length Finder Circuit

The network peripheral’s length finder circuit 213 (FIG.
4) locates the appropriate length field in the incoming packet
and employs the contents of this field to determine the length
value for the incoming information packet 220. The length
value 1s then stored 1n a data storage location that 1s
accessible by the reception indicator circuit 211. FIG. 21
displays a sequence of operations performed by the length
finder circuit 213 1n one embodiment of the present inven-
tion. One with ordinary skill in the art will recognize that
many different circuits may be designed for implementing
the sequence of operations shown 1 FIG. 21 using tradi-
tional design principles. In a length retrieval state 260, the
length finder circuit 213 retrieves a length-type value from
the data link controller 202. The length-type value 1s the
value 1n the length-type field 224 of the incoming informa-
tion packet 220 (FIG. 6).

In an alternate embodiment of the present mnvention, the
length-type value may be stored 1n a data storage element 1n
the data storage unit 204, and the length finder circuit 213
retrieves the length-type value from the length-type data
storage element through the MMU 203.

Next, the length finder circuit 213 transitions to a validity
state 261, where the length finder circuit 213 determines
whether the length-type value 1s a valid length. In one
embodiment of the present invention, the length-type value
1s compared to a maximum data field value, which is the
maximum number of bytes that can be placed 1n a data field
225 of the information packet 220. If the length-type value
1s less than or equal to the maximum data field value, 1t 1s
a valid length, and the length finder circuit 213 transitions to
the first length set state 262. If the length-type value 1is
orecater than the maximum value, it 1s an invalid length, and
the length finder circuit 213 transitions to the table search
state 263. In one embodiment of the present invention, the
maximum data field value 1s 1500, which 1s the maximum
number of bytes that can be 1n the data field of either an
IEEE 802.3 or DIX Ethernet standard information packet.

In the first length set state 262, the length finder circuit
213 loads the length-type value into the data storage element
for the length value (not shown). After loading the length-
type value, the length-finder circuit 213 generates an 1ndi-
cation signal to the reception indicator circuit 211 to indicate
that the length value 1s available to be retrieved.

The table search state 263 1s the first state 1n a series of
states that operate together to query a set of length-type data
storage elements. FIG. 22 displays one embodiment of a set
of length-type data storage elements 250(1)-250(M). The
set of length-type data storage elements 250(1)-250(M)
includes M number of length-type data storage elements
250(1)-250(M), which are located in the data storage unit
204. In accordance with the present invention, the set of
length-type data storage elements 250(1)-250(M) may con-
sist of 4 length-type data storage elements 250(1), 250(2),
250(3), and 250(4).

Each length-type data storage element 250(1)-250(M)
can have data written into it or read from 1t. The length finder
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circuit 213 accesses the length-type data storage elements
250(1)-250(M) through the MMU 203. Each length-type
data storage element 250(1)-250(M) contains a reference
type value field 251 and a length offset value field 252,
which contain a reference type value and a length offset
value, respectively.

In one embodiment of the present invention, each length-
type data storage element 250(1)-250(M) is a single data
storage element having one address. In an alternate embodi-
ment of the present invention, each length-type storage
element 250(1)-250(M) may have a plurality of addresses,
with each address corresponding to a different portion of the
length-type data storage element 250(1)-250(M). In yet
another embodiment of the present invention, each length-
type data storage element 250(1)-250(M) may consist of a
plurality of data storage elements that each contain a dit-
ferent portion of the data in the length-type data storage
element 250(1)-250 (M). For example, each length-type
data storage element 250(1)-250(M) may consist of two
registers having different addresses.

A reference type value and length offset value may be
loaded into each length-type data storage element 250(1)
—250(M) by the host processor unit 207. The host processor
unit 207 loads these values 1n response to 1nstructions that it
receives from an 1nitialization routine. The 1nitialization
routine may be resident 1n the host RAM 208, host ROM
210, host mass storage unit 209, a portable medium readable
by the host mass storage umit 209, or another suitable
location. The 1nitialization routine may be executed as part
of the ISR for the network peripheral 200, a boot-up routine
for the host system, or a number of other routines executed
by the host system.

The host processor unit 207 accesses the length-type data
storage elements 250(1)-250(M) through the host system
interface 205, which accesses the data storage unit 204
through the memory management unit 203. Each reference
type value 1s a value that may appear 1n a length-type field
of a future 1ncoming information packet 220 to indicate the
network operating system protocol that dictates the format
of the packet 220. Each length offset value indicates the
number of bytes between the protocol length field 228 and
the beginning of an information packet conforming to a
respective protocol type.

For example, an incoming information packet 220 has a
value 1n 1ts length-type field 224. This value matches a
reference type value 1n the first reference type value field
251(1). Accordingly, the length offset value in the first length
offset value field 252(1) indicates the number of bytes that
a protocol length field 228 1s offset from the beginning of the
information packet 220.

In an alternate embodiment of the present invention, as
shown 1n FIG. 23, each length-type data storage element 250
also 1ncludes a byte ordering field 256 and a correction
factor value field 257. Each byte ordering field 256(1)-256
(M) contains an indication of whether an information packet
having the respective protocol type 251(1)-251(M) employs
big-endian or little-endian byte ordering 1n a protocol length
field of the packet. Each correction factor value field 257
(1)-257(M) contains a correction factor value. This value
indicates the number of bytes that should be added to the
value in the protocol length field 228 (FIG. 5) of an
information packet 220 to ascertain the number of bytes in
the entire information packet 220. Accordingly, the correc-
tion factor value may be retrieved and employed 1n place of
the sum of “HEADER+FCS” 1n equations 7 and 12 above.

The values 1n a correction factor value field 257(1)-257
(M) and byte ordering field 256(1)-256(M) are to be used
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when the information packet has a length-type value that
matches the reference type value 1n a respective reference
type value field 251(1)-251(M). For example, the values in
a first byte ordering field 256(1) and first correction factor
value field 257(1) are used when an information packet has
a value 1 1its length-type field that matches the reference
type value 1n the first reference type value field 251(1). The
byte ordering field 256 and the correction factor value field
257 are both accessed by the host processor unit 207 in the
same manner as the reference type value field 251 and length
oifset value field 252.

In the table search state 263, the reference type value 1n
one of the length-type data storage elements 250 1s retrieved
by the length finder circuit 213. The retrieved reference type
value 1s then compared to the length-type value for the
incoming information packet 220. If the reference type value
does not match the length-type value, the length finder
circuit 213 transitions to the last register state 266. Here, the
length finder circuit determines whether any of the length-
type data storage elements 250 have not been examined by
the length finder circuit 213. If all M number of the
length-type data storage elements 250 have been examined,
the length finder circuit 213 transitions to a default length set
state 268. In the default length set state 268, a predetermined
value 1s loaded into the data storage element for the length
value, and the reception indicator circuit 211 1is signaled that
the length value 1s available to be retrieved. In one embodi-
ment of the present invention, the predetermined value 1s the
maximum allowable data field value. In an alternate
embodiment, the predetermined value 1s the minimum
allowable data field value.

If 1t 1s determined 1n state 266 that any of the length-type
data storage clements 250 remain unexamined, a pointer
increment state 267 1s entered. Here, the length finder circuit
213 is pointed to an unexamined length-type data storage
clement 250. The length finder circuit 213 then transitions to
state 263, where the length finder circuit 213 compares the
reference type value of the new length-type data storage
clement 250 with the length-type value.

If the length finder circuit detects a match between a
reference type value and the length-type value 1n state 263,
it transitions to a protocol length retrieval state 264. In state
264, the length finder circuit 213 retrieves the length offset
value from the one of the length-type data storage elements
250(1)-250(M) that contains the reference type value
matching the length-type value. Next, the length finder
circuit 213 retrieves the value 1n the protocol length field 228
of the mncoming mmformation packet 220 to obtain a protocol
length value. The length finder then enters a second length
sct state 265.

In the second length set state 265, the length finder circuit
213 uses the protocol length value to determine the number
of bytes 1n the data field 225 of the incoming information
packet 220. This number is then loaded 1nto the data storage
clement for the length value. In the second length set state
265 1n one embodiment of the present invention, the
returned protocol length value indicates the number of bytes
in the data field of the incoming imformation packet 220.
Accordingly, the length finder circuit 213 loads the protocol
length value into the data storage element for the length
value. Fially, the length finder circuit 213 signals the
reception 1ndicator circuit 211 that the length value 1is
available to be retrieved.

In accordance with the present invention, the length finder
circuit 213 may retrieve a byte ordering value. The byte
ordering value 1s retrieved from the byte ordering field 256
of one of the length-type data storage elements 250(1)-250
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(M). The one of the length type data storage elements is the
one that also contains the reference type value that matches
the length-type value of the mncoming information packet
220. The length finder circuit 213 then uses this byte
ordering value to determine the byte order in the protocol
length field 228 of the incoming information packet 220 and
interpret the protocol length value accordingly.

By employing the table of programmable length-type data
storage elements 250(1)-250(M), embodiments of the
present mvention enable a host system’s user to specily
multiple protocols that will be supported by the reception
indicator circuit 211.

Although the 1nvention has been described above with
particularity, this was merely to teach one of ordinary skill
in the art how to make and use the imvention. Many
modifications will fall within the scope of the invention, as
that scope 1s defined by the following claims.

What 1s claimed 1s:

1. A reception indicator circuit for use 1n an apparatus,
wherein the apparatus enables a host system to receive
information packets from a medium, said reception indicator
circuit comprising:

a delay calculator configured to,

select and read a reference delay value 1n one of N number
of length-delay data storage elements, wherein a ref-
erence length value contained 1n the one of N number
of length-delay data storage elements corresponds to a
length value of an information packet (PACKET _
SIZE) being received by the apparatus, and

calculate an interrupt time for an information packet being,
received by the apparatus;

wherein said delay calculator calculates the interrupt time
by performing the following operation:

topc1=A*PACKET_SIZE-B

wherein:
ter 1S the 1nterrupt time;
A 1s an interrupt time coeflicient,
B 1s an mterrupt time constant, and

PACKET__SIZE 1s a number of bytes 1n a portion of the
information packet;

a delay comparator for detecting when the interrupt time
has elapsed from an instance at which the apparatus
began receiving a speciiied byte of the information
packet; and

a signal asserter for asserting a reception signal when said
delay comparator detects that the interrupt time has
clapsed.

2. A reception indicator circuit as called for in claim 1,
wherein the interrupt time coelfficient 1s equal to a difference
between a time for the apparatus to receive a single byte of
the information packet from the medium and a time to copy
a single byte of information packet from the apparatus to the
host system.

3. A reception indicator circuit as called for 1n claim 1,
wherein the interrupt time constant 1s substantially equal to
a sum of an mterrupt latency time of the host system and a
setup time for an mnterrupt service routine for the apparatus.

4. A reception indicator circuit as called for 1n claim 1,
wherein the reception signal 1s not asserted until after a
minimum value number of bytes in the mformation packet
have been received by the apparatus.

5. A reception indicator circuit as called for in claim 1,
wherein the apparatus, including the reception indicator
circuit, 1s formed on an imntegrated circuat.
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6. A reception indicator circuit as called for 1n claim 1,
wherein the specified byte of the information packet 1s a first
byte of the imnformation packet.

7. A reception indicator circuit as called for 1n claim 6,
wherein the portion of the information packet includes all
bytes 1n the information packet.

8. A reception indicator circuit as called for in claim 1,
wherein the apparatus 1s a network peripheral and the
medium 1s a communications network.

9. A method for providing a reception signal to indicate
that an 1information packet 1s being received by a network
peripheral coupled to a host system, said method comprising
the steps of:

(a) selecting and reading a reference delay value in one of
N number of length-delay data storage elements,
wherein a reference length value contained in the one
of N number of length-delay data storage elements
corresponds to a length value of an information packet

(PACKET _SIZE) being received by the peripheral,

(b) calculating an interrupt time by performing the fol-
lowing operation:

tsr=A*PACKET__SIZE-B

wherein:
terz1 1S the 1nterrupt time;
A 1s an interrupt time coellicient,
B 1s an interrupt time constant, and
PACKET__SIZE 1s a number of bytes 1n a portion of the
information packet and 1s dependent upon the length
value,

(c) detecting when the interrupt time has elapsed from an
instance at which the peripheral began receiving a
specified byte of the information packet; and

(d) asserting a reception signal when said delay compara-
tor detects that the mterrupt time has elapsed.
10. A method as called for in claim 9 further including:

(¢) detecting when the interrupt time has elapsed from an
instance at which the network peripheral began receiv-
ing a specified byte of the information packet; and

(d) asserting the reception indication signal when the

interrupt time has elapsed.

11. A method as called for in claiam 9, wherein the
mterrupt time coetficient 1s equal to a difference between a
time for the network peripheral to receive a single byte of the
information packet from a communications network and a
fime to copy a single byte of the information packet from the
network peripheral to the host system.

12. A method as called for 1n claim 9, wherein the
interrupt time constant 1s substantially equal to a sum of an
interrupt latency time of the host system and a setup time for
an 1terrupt service routine for the network peripheral.

13. A method as called for in claim 10, wherein the
reception signal 1s not asserted until a minimum value
number of bytes of the information packet have been
received by the network peripheral.

14. A method as called for 1in claim 10, wherein the
speciflied byte of the information packet 1s a first byte of the
information packet.

15. A method as called for in claim 14, wherein the
portion of the information packet 1s all bytes 1n the infor-
mation packet.
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